In this paper we use a single-equation time series approach to examine the macroeconomic determinants of banks' loan quality in Italy in the past twenty years, as measured by the ratio of new bad loans to the outstanding amount of loans in the previous period. We analyse the quality of loans to households and firms separately on the grounds that macroeconomic variables may affect these two classes of borrowers differently. According to our estimated models: i) the quality of lending to households and firms can be explained by a small number of macroeconomic variables mainly relating to the general state of the economy, the cost of borrowing and the burden of debt; ii) changes in macroeconomic conditions generally affect loan quality with a lag; and iii) the out-of-sample prediction accuracy of the models is quite satisfactory and proved to be robust to the recent financial crisis.
Introduction 1
Deterioration in banks' loan quality is one of the major causes of financial fragility. Past experience shows that a rapid build-up of bad loans plays a crucial role in banking crises (see, e.g., Demirgüç-Kunt and Detragiache, 1998, and González-Hermosillo, 1999) . In recent years, the global financial crisis and the subsequent recession in many developed countries have increased households' and firms' defaults, causing significant losses for banks. Regular monitoring of loan quality, possibly with an early warning system capable of alerting regulatory authorities of potential bank stress, is thus essential to ensure a sound financial system and prevent systemic crises. In this regard, the analytical tools currently under scrutiny in the context of macro-prudential regulation do in fact assign great emphasis to indicators of asset quality. 2 In this paper we study the main macroeconomic determinants of banks' loan quality in Italy over the period 1990q1-2010q2. As macroeconomic developments may have a different impact on loan quality depending on the type of borrower, we conduct separate analyses for households and firms. 3 In particular, we estimate single-equation time series regressions that map a set of macroeconomic indicators into a measure of the quality of banks' loans. More specifically, our dependent variable is the new bad loans ratio (henceforth, NBL ratio), defined as the ratio of the flow of bad loans ("sofferenze") to the stock of performing loans at the end of the previous period. We then assess the predictive power of these models by running recursive out-of-sample forecasts, so as to identify the best-performing specification.
The single-equation time series regression approach we propose in this paper has two main advantages. First, it is relatively easy to handle and to interpret. Second, the estimated specifications can be easily employed to predict the NBL ratios using the projections of the explanatory variables that are regularly produced with the Bank of Italy's quarterly macroeconometric model. 1 We are especially grateful to Paolo Del Giovane for many valuable suggestions and comments. We also thank Ugo Albertazzi, Giorgio Gobbi, Giulio Nicoletti, Fabio Panetta and Mario Porqueddu. The views expressed in this paper are those of the authors and do not necessarily reflect the opinions of the Bank of Italy. 2 Agresti et al. (2008) reports a comparison between the financial soundness indicators compiled by the IMF and the macro-prudential indicators compiled by the European Central Bank together with the Basel Committee on Banking Supervision. The IMF indicators are non-performing loans to capital and non-performing loans to total loans. The ECB-Basel indicators comprise provision to total assets, non-performing loans and doubtful loans to total loans, non-performing loans and doubtful loans to total own funds and total provision to total non-performing and doubtful assets. 3 The household sector consists of consumer households while the firm sector includes non-financial corporations and producer households.
The main results of our analysis are as follows. First, in line with previous studies, the quality of loans, both to households and to firms, depends on only a few macroeconomic variables and improves as business cycle conditions become more buoyant. In particular, according to our best-performing specifications, the NBL ratio for households is inversely related with the annual growth rates of real gross domestic product and house prices, while it is positively associated with the unemployment rate and the short-term nominal interest rate. For firms, the NBL is positively correlated with the unemployment rate and the ratio of net interest expenses to gross operating profits; it is inversely related to the annual growth rate of durable goods consumption. Unlike households, for firms the NBL ratio also displays significant endogenous persistence.
Second, changes in macroeconomic determinants affect the quality of loans with different time lags. For example, for households the annual growth rate of real gross domestic product and the short-term nominal interest rate enter with a lag of 4 and 3 quarters, respectively; for firms, the ratio of net interest expenses to gross operating profits enters with a lag of 2 quarters. For both classes of borrowers, the unemployment rate affects the NBL ratio simultaneously.
Third, the out-of-sample prediction accuracy of our best-performing specifications is quite satisfactory. For households, the root mean squared forecast error is particularly small at all forecasting horizons (on average 0.1). For firms, prediction accuracy is poorer and worsens quite rapidly as the forecasting horizon increases: the root mean squared forecast error rises from 0.25 to 0.35 when moving from one-to eight-quarter-ahead forecasts.
Fourth, the prediction accuracy of our best-performing specifications has proved robust to the rapid changes in many macroeconomic variables from mid-2007 onwards, in connection with the outbreak of the financial crisis. Indeed, in the case of firms, the prediction accuracy has even improved slightly in the crisis period for all forecast horizons, possibly reflecting a stronger information content of macroeconomic regressors.
The rest of the paper is organized as follows. Section 2 briefly reviews the empirical literature on the macroeconomic determinants of the quality of banks' loans, focusing primarily on empirical studies that employ time-series methodologies. Section 3 describes our data set and presents the empirical strategy to model the NBL ratios for lending to households and firms; Section 4 presents the estimation results. Section 5 tests the forecasting accuracy of our estimated models through recursive out-of-sample forecasts, ultimately selecting the bestperforming specification for households and for firms. This section also discusses the relative importance of the different forces driving the dynamics of the NBL ratios in the past twenty years and during the recent recession. Section 6 evaluates if and to what extent the recent economic crisis has affected the prediction accuracy of our preferred specifications, and Section 7 concludes.
Overview of the empirical literature
The macroeconomic determinants of the quality of banks' loans have attracted mounting interest over the last two decades.
One of the earliest studies on this topic is by Keeton and Morris (1987) , who investigated the fundamental drivers of loan losses for a sample of nearly 2,500 US commercial banks for the period 1979-1985. Using simple linear regressions, they find that a large portion of loan losses variation reflected adverse local economic conditions and, in particular, unusually poor performances of specific industries such as agriculture and energy.
One strand of the literature has exploited the time-and cross-sectional dimensions of bank-specific data and macroeconomic variables to explain the quality of bank loans (see, e.g., Berger and DeYoung, 1997, for the US; Jimenez and Saurina, 2006, for Spain; Quagliariello, 2007, for Italy; Pain, 2003, for the UK; and Bikker and Hu, 2002, for 29 OECD countries) .
These studies document significant correlations between bank-specific features, such as size, profit margins, cost efficiency, risk profile and market power, and the evolution of problem loans; macroeconomic indicators are included mainly as control variables and are thus treated as exogenous.
A second strand of the literature has relaxed the strict assumption that the macroeconomic environment is exogenous with respect to the quality of banks' loan and employed the vector autoregressive (VAR) methodology to account for the simultaneity and the feedback effects that exist between the business cycle and banks' balance sheets. Hoggarth et al. (2005) employ UK quarterly data for the period 1988-2004 to evaluate the dynamics between banks' write-off to loan ratio and several macroeconomic variables. In general, their results show a significant and negative relationship between changes in the output gap and the write-off ratio, with the maximum impact occurring after one year. Banks' write-off ratio also increases after increases in retail price inflation and nominal interest rates.
At a sectoral level, the write-off ratio for firms increases following unexpected adverse output shocks or rises in the nominal interest rate, while that for households seems more sensitive to changes in the ratio of interest payments to disposable income than to changes in business cycle conditions. Similarly, Babouček and Jančar (2005) quantify the effects of macroeconomic shocks on the loan quality of the Czech banking sector for the period 1993-2006 and report evidence of a positive correlation of non-performing loans with the unemployment rate and consumer price inflation. Gambera (2000) assesses the impact of state and nation-wide macroeconomic variables on the quality of different types of loans (agricultural, commercial, industrial and residential) using US quarterly data for 1987-1999. The author reports that the unemployment rate, farm and non-farm incomes, bankruptcy fillings and car sales, among various explanatory variables, were significant predictors of bank asset quality. Marcucci and Quagliariello (2008) and Filosa (2007) are studies focused on the Italian banking system. Marcucci and Quagliariello (2008) employ a reduced-form VAR to assess, among other things, the effects of business cycle conditions on bank customers' default rates over the period 1990-2004. Their results show that the default rates follow a cyclical pattern, falling during macroeconomic expansions and increasing during downturns. Moreover, this evidence is robust to different measures of the output gap and holds for households, firms and the non-financial sector as a whole. Finally the authors do not find strong evidence of feedback effects from the soundness of banks' balance sheets to economic activity. Filosa (2007) , estimating three distinct VAR models over the period 1990-2005 with different indicators of banks' soundness, finds a somewhat weaker relation between macroeconomic developments and banks' soundness. In particular, his results show that the responses of the indicators of banks' soundness to output shocks, while of the expected signs and statistically significant, explain only a small fraction of the historical variability of the dynamics of bad loans. On the other hand, he finds that deterioration (improvement) in the quality of loans weakens (reinforces) real activity and inflation.
More closely related to our paper, at least from a methodological perspective, are three recent studies that use a single-equation time series approach. Kalirai and Scheicher (2002) employs a simple linear regression to examine the interdependence of credit risk for Austrian banks and the state of the economy, portrayed by real gross domestic product, industrial production, consumer price inflation, money growth, interest rates, stock market indices, and other macroeconomic indicators. According to their estimates, during the period 1990-2001 the loan quality was influenced in particular by the short-term nominal interest rate, industrial production, the stock market return and a business confidence index. Arpa et al. (2001) assess the effects of macroeconomic developments on risk provisions (calculated as the ratio of total provisions for loans to the sum of total loans and total provisions for loans) of Austrian banks for the period 1990-1999. They use a single-equation time series model in which the dependent variable, i.e. banks' risk provisions, is regressed on the growth rate real gross domestic product, real estate price developments and real interest rates. The estimated model delivers a good empirical fit and all explanatory variables are highly significant. In particular, risk provisions rise when real gross domestic product growth declines, real interest rates fall and real estate prices increase. However, the authors consider the last-mentioned result at odds with expectations, because one would expect the value of mortgages to increase that when real estate prices rise, thus reducing the likelihood of loan losses. Finally, Shu (2002) uses a similar single-equation time series model to examine the impact of macroeconomic developments on loans quality in Honk Hong for the period 1995-2002. The results show that the ratio of bad loans to performing loans falls with higher real gross domestic product growth, higher consumer price inflation rate and higher property prices growth, whereas it rises with increases in nominal interest rates. The unemployment rate and performance of equity prices growth are not significant.
Summing up, the existing empirical evidence shows, quite convincingly, that favourable macroeconomic conditions, such as sustained economic growth, low unemployment and interest rates, tend to be associated with a better quality of bank loans; under favourable economic circumstances, borrowers receive sufficient streams of income and meet their debt obligations more easily. Furthermore, these results are robust to different empirical methodologies and hold across countries.
Data and empirical methodology

Indicator of the quality of loans to households and firms
To measure the quality of Italian banks' loans we use the quarterly ratio (annualized and seasonally adjusted) of the flow of new bad loans to the stock of performing loans at the end of previous quarter. We draw our data from the Italian Central Credit Register 4 and the supervisory reports to the Bank of Italy. Bad loans are defined on a customer basis and therefore include all the outstanding credit extended by a bank to a borrower considered insolvent. Under Italian regulations, banks are asked to classify as bad loans outstanding exposures to borrowers who are not expected to meet their obligations. This allows banks some discretion in judging the quality of a loan. To overcome this drawback, at least partially, we use an "adjusted" definition of bad loans provided by the Central Credit Register. In the case of a single bank relationship this definition coincides with that of bad loans, covering all the loans extended to the insolvent borrowers. Loans to borrowers with multiple bank relationships are all classified as ("adjusted") bad loans when: (i) the borrower is reported as insolvent by a bank that accounts for 70 per cent or more of the borrower's exposure to the banking system; (ii) the borrower is reported as insolvent by two or more banks that account for at least 10 per cent of its total exposure to the banking system. Figure 1 depicts the development of the NBL ratios for lending to households and firms over the period 1990q1-2010q2. Although it is limited by data availability, this sample period is long enough to include a number of technical recessions 5 (indicated by the shaded areas in Figure 1 ) and important structural changes in the Italian banking system.
Both NBL ratios share a common qualitative pattern. In the first half of the 1990s they increased considerably, to nearly 3 per cent for households and above 5 per cent for firms, reflecting the sharp 1992-93 recession. In the following years credit quality remained low, following the crisis that involved a significant part of the banking system in Italy's southern regions. In the late 1990s the NBL ratios trended downward. Then, from 2000 through 2007 they hovered in relatively narrow ranges, between 0.7 and 1.0 per cent for households and between 1.1 and 2.2 per cent for firms. 6 Thus, while the 2001 economic recession did not have a significant impact on loan quality, the recent financial crisis and the severe recession that followed in its wake significantly worsened the quality of credit.
The long downward trend of the NBL ratios between the late 1990s and 2007 can be ascribed, not only to relatively good general economic conditions but also to structural changes.
Following the new 1993 banking law and the privatization of the banks previously under public control, the Italian banking system experienced a wave of mergers and acquisitions that eventually stoked competition (Angelini and Cetorelli, 2003) and efficiency (Focarelli and Panetta, 2003) . Moreover, consolidation increased banks' size, enabling them to exploit scale economies deriving from the adoption of costly information technology. The rapid spread of credit scoring (Bofondi and Lotti, 2004) and, more generally, their enhanced data-processing, capacity allowed Italian banks to screen borrowers better (Panetta et al., 2009) .
Notwithstanding the similar dynamics exhibited by the NBL ratios for households and firms, we chose to model the NBL ratios with two different specifications, since, from a theoretical point of view, households' and firms' ability to repay their loans may be affected by different macroeconomic indicators, possibly also with different lags. Moreover, from a quantitative standpoint, the NBL ratios for households and firms show important differences in terms of sample means and variability. In fact, as reported in Table 1a , the NBL ratio for households has a mean of 1.4 per cent and a standard deviation of 0.5 while that for firms has a mean of 2.3 per cent and is more volatile, with a standard deviation of 1.
We also tested for the presence of unit roots in the NBL ratio for households and firms using the Augmented Dickey-Fuller (ADF) test as well as the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test. Table 1b reports the results. The ADF test cannot reject the null of a unit root for both NBL ratios. However, given the low power of the ADF test in small sample, we also applied the KPSS, which instead cannot reject the null hypothesis of stationarity at least at 1 per cent for all the series involved in our main empirical analysis. Given this mixed evidence, we decided to proceed by assuming stationarity of the NBL ratios. 7
Macroeconomic determinants of the NBL ratio
In this section we present the set of macroeconomic determinants that we used to model the NBL ratio for lending to households and firms. 8 We consider five categories of macroeconomic variables relating to: (1) the general state of the economy; (2) the conditions of price stability;
(3) the cost of servicing debt; (4) the debt burden ; (5) financial and real wealth; and (6) the outlook for economic growth. 9
As indicators of the general state of the economy we use the annual growth rate of real gross domestic product (GDP) and the seasonally adjusted unemployment rate (UNEMPL). The dynamics of both variables are closely related to households' and firms' capacity to meet their debt obligations. An increase in GDP generally reflects larger flows of income for households and higher profitability for firms. Increases in the unemployment rate curtail the present and future purchasing power of households and are commonly associated with a decrease in the 7 Consequently, we did not test for the presence of cointegration between the NBL ratios and the macroeconomic variables. 8 Appendix A reports the statistical sources of the macroeconomic variables and also gives a list of other economic indicators that we tested but whose results we decided not to include in the tables. 9 The connection between macroeconomic conditions and banks' loan quality can also be justified on theoretical grounds. For example, Lawrence (1995) and more recently Rinaldi and Sanchis-Arellano (2006) present models of lifecycle consumption in which households' default probability on loans depends on current income, the unemployment rate and the lending rate. In the same vein, the arbitrage pricing theory proposed by Ross (1976) shows that the market value of firms depends, among other things, on the underlying macroeconomic variables. Thus, changes in economic conditions may affect the overall profitability of firms and their capacity to repay debt. production of goods and services. Thus, in periods of strong economic growth and favourable labour market conditions borrowers are better able to support debt, so one should expect a decline in the NBL ratio.
We use two indicators of price stability: annual consumer price inflation (INFL) and the annual growth rate of the M3 monetary aggregate M3 (M3). A priori, it is hard to tell what we should expect the relation of these variables to be with the NBL ratio. On the one hand, price stability is generally considered a prerequisite for sound economic growth. Also, high inflation passes through to nominal interest rates, making debt servicing more onerous. On the other hand, high inflation may help borrowers, whose debt is denominated in nominal terms, as it erodes the real value of debt. Rinaldi and Sanchis-Arellano (2006) find a positive relation between the inflation rate and non-performing loans, while Shu (2002) reports a negative relation. Concerning the growth rate of M3, accelerating money supply growth can act as an indicator of future growth potential (Boeschoten et al., 1994; Berk and Bikker, 1995) .
As a measure of debt-servicing cost we use the 3-month Euribor rate (NINT). We elected to employ a short-term money market rate since a large proportion of Italian households' and firms' outstanding bank debt (about 70 and 90 per cent, respectively) consists of floating rate loans or loans with short maturity. As found in other studies, we expect that increases in NINT worsen the quality of loans as higher debt-servicing costs make it harder for borrowers to honour their debt. 10 Furthermore, higher interest rates may result in adverse selection of borrowers, with only the riskier ones left in the market. 11
As indicators of the burden of debt we consider, for households, the ratio of loans to disposable income (DISP) and, for firms, the ratio of net interest expense to gross operating profit (GOP) and the ratio of financial debt to the sum of financial debt and equity (LEVERAGE). We expect a rise in the debt burden to result in a higher NBL ratio: if borrowers accumulate too much debt relative to their assets, then their capacity to meet their obligations declines under worsening economic conditions; furthermore, rising DISP or GOP may increase moral hazard by reducing borrowers' incentive to service debt ("strategic default").
As a measure of changes in financial and real wealth we use the growth rate of the Italian stock prices index (STOCKS) and that of house price index (HOUSING). Buoyant stock markets reflect a positive outlook on firms' profitability; moreover, an increase in financial wealth is expected to decrease households' probability of defaulting on loans since it gives them additional means for servicing their debt. Similarly, increases in house prices may improve the quality of loans. First, since loans for house purchases are usually mortgage loans, a rise in house prices increases the value of the collateral, facilitating debt renegotiation. Second, house prices are positively related with the housing market cycle; thus, when the housing market is buoyant, a household that has difficulty meeting its debt obligations may find it easier to sell its house and extinguish the loan, without defaulting. 12 Finally, the increase in the value of collateral may alleviate the adverse selection and moral hazard.
Finally, we also test macroeconomic variables relating to the outlook for economic growth, namely the slope of the yield curve (SLOPE), calculated as the difference between the 10-year Italian government bond and the 3-month Euribor rate; the annual growth rate of durables consumption (DURABLES) and that of gross fixed investment (INVEST). A steepening of the yield curve is a leading indicator of growth in real economic activity. 13 Therefore, borrowers' ability to repay debt might be enhanced and at the same time banks might have stronger incentives to renegotiate loan terms, ultimately leading to fewer defaults (see, e.g., Ötker-Robe and Podpiera, 2010). Furthermore, increases in consumption and investment stimulate aggregate expenditure, which subsequently fuel more rapid economic growth (see, e.g., De Long and Summers, 1991) and thus feed into an improvement in loan quality. Table 1c reports the dynamic cross-correlations, up to four lags, between the NBL ratios and selected macroeconomic variables. With regard to lending to households, the NBL ratio shows positive and statistically significant correlations with the current unemployment rate (with a coefficient of 0.63) and current growth in durables consumption (0.18), and with the shortterm nominal interest rate (0.82) and inflation (0.68) with a one-year lag; the current growth rate of house prices (-0.27) is instead negatively correlated with the NBL ratio. Similar results with respect to the unemployment rate (0.68), the short-term nominal interest rate (0.78) and inflation (0.61) also hold true for firms. In the case of firms, the NBL ratio is also negatively correlated with fixed gross investment growth (-0.19 ) and with the growth rate of M3 (-0.19) .
Surprisingly, neither of the two NBL ratios displays a significant correlation with real GDP growth. 12 Empirical evidence for several countries including the US, UK, Canada, Australia and New Zealand has shown that households with high housing wealth are better able to fund consumption or to bear debt service in the face of adverse shocks (see, e.g., Beaumont, 2005, and Hiebert 2006) . 13 E.g., Fama (1984) , Mankiw and Miron (1986) , Estrella and Hardouvelis (1991) and Estrella and Mishkin (1998) find a strong predictive power of the term structure with respect to future real economic activity.
Empirical methodology
Drawing on the empirical literature, which finds that macroeconomic shocks take some time to affect borrowers' ability to meet debt obligations and possibly impair the quality of loans, we estimate a single-equation time series regression to model the development of the NBL ratio (see Kalirai and Scheicher (2002) , Arpa et al., 2001, and Shu, 2002) . Hence,
where the dependent variable NBL is regressed on its own past values, on current and past values of macroeconomic variables, indicated by X i , and a deterministic part (e.g., a constant term). The lag structure of equation (1), namely the q's and p i 's, is selected by checking the statistical significance of estimated coefficients and the Akaike and Schwartz information criteria. Equation (1) is estimated by ordinary least squares with Newey-West robust standard errors.
Empirical Results
In this section we discuss the estimation results and then compare the in-sample fit of the alternative models.
The NBL ratio for lending to households
We first tested the explanatory power of just three macroeconomic variables, namely GDP, UNEMPL and NINT. In particular, regression (a) includes UNEMPL and NINT, regression (b) replaces UNEMPL with GDP, and regression (c) considers all three variables together. Table 2 reports the results. In each model, the estimated coefficients of these variables are statistically significant and have the expected sign. An increase in GDP reduces the NBL ratio with a 4quarter lag, while a rise in UNEMPL and NINT increases it (in the same quarter and with a 3quarter lag, respectively). The contemporaneous relation between the NBL ratio and UNEMPL may reflect the fact that UNEMPL is itself a lagging indicator of the business cycle. In all specifications, the first-order autoregressive terms are statistically significant with values generally lower than 0.5. Interestingly, even though these models are extremely parsimonious, they exhibit fairly large values for the adjusted R 2 . In particular, model (c) reaches the best goodness of fit (with an adjusted R 2 of nearly 0.8) and according to the Akaike and Schwarz criteria is the preferred one.
On the basis of the previous result, we expanded model (c) with other macroeconomic variables, namely HOUSING, M3, INFL, DURABLES, SLOPE, STOCKS and DISP. Models (d), (e), (f), (g), (h), (i) and (j) augment model (c), adding each of these variables one by one. The coefficients of HOUSING, M3, DURABLES and DISP are statistically significant and present the expected signs; moreover, introducing these variables generally increases the goodness of fit.
In particular, a rise in HOUSING or DURABLES decreases the NBL ratio with a lag of 2 and 3 quarters, respectively, while a rise in M3 improves the quality of loans within the same quarter. In the latter case, UNEMPL becomes insignificant. In line with previous empirical studies these results support that the view that an acceleration in house prices, and thus in the value of mortgages, by making debt renegotiation easier to implement, enables borrowers not to default. The negative relation of the NBL ratio with M3 and DURABLES, instead, reflects the leading behaviour of these two variables with respect to households' future income and the outlook for economic growth. Furthermore, as expected, an increase in the degree of households' indebtedness raises the NBL ratio (with a 3-quarter lag). It is also worth noting that the NBL ratio for lending to households does not exhibit strong endogenous persistence.
Following the inclusion of HOUSING, M3, DURABLES and DISP, the coefficient associated with the first-order autoregressive term becomes smaller and barely significant. Finally, the coefficients relative to STOCKS, INFL and SLOPE are statistically insignificant.
We also tested the joint inclusion of HOUSING and DURABLES. As reported in regression (k), both these macroeconomic variables continue to be statistically significant and maintain the expected sign. Compared with the previous models, the value of the adjusted R 2 further increases (slightly above 0.8) and the AIC and SBC information criteria also improve further. Finally, in model (l) we included all the variables previously considered, finding that, with few exceptions, most of the estimated coefficients are statistically insignificant. 14
The NBL ratio for lending to firms
Following the same strategy adopted for households, we started regressing the NBL ratio for firms on a restricted set of variables, namely UNEMPL, NINT, GOP and LEVERAGE. Table 3 reports the results. As reported in models (a), (b) and (c), the estimated coefficients are statistically significant and show the expected sign. An increase in UNEMPL raises the NBL ratio in the same quarter; increases in NINT are associated with a deterioration in loan quality with a 3-quarter lag, while GOP and LEVERAGE are inversely related with the NBL ratio, with a 2-quarter lag. Furthermore, in each of these models the first lag of the NBL ratio is statistically significant, with values of about 0.5 for model (a) and about 0.3 for models (b) and (c). The goodness of fit of these early specifications is satisfactory, with values of the adjusted R 2 above 0.7. In particular model (b), which includes UNEMPL and GOP, attains the highest insample fit (the adjusted R 2 is nearly 0.8) and the AIC and SBC information criteria also appear to support this specification.
As with households, we augment model (b) with other macroeconomic variables, namely GDP, DURABLES, INVEST, INFL, M3, SLOPE and STOCKS. Table 3 -Models (d)-(j) -reports the estimation results when each of these regressors is individually added to model (b). All the estimated coefficients are statistically significant at either the 5 or 10 per cent level, but none is strongly significant (at 1 per cent). Moreover, all estimated coefficients, perhaps with the exception of SLOPE, present the expected sign. An increase in GDP reduces the NBL ratio with a 3-quarter lag, thus somewhat faster than in the case of households. Increases in DURABLES, INVEST and STOCKS improve the quality of loans to firms (with a lag of 3, 2 and 3 quarters, respectively). As with households, an expansion in M3 is inversely related to the NBL ratio in the same quarter. The inverse relation between the NBL ratio and the growth rates of durable goods consumption and fixed private investment may reflect the fact that both variables are leading economic indicators of future business cycles. Households and firms embark on this type of consumption and investment when they believe that their financial situation is healthier and there is stronger confidence in the business outlook. Against this backdrop, banks may be more inclined to assist firms with financial restructuring plans. According to our results, there is an inverse relation between the NBL ratio and INFL with a 2-quarter lag.
Somewhat unexpected is the finding that a rise in SLOPE, i.e., a steepening of the yield curve, is associated with a deterioration in loan quality, with a 1-quarter lag. As remarked in the previous section, leading indicators of an improvement in economic activity should be, in principle, associated with lower borrowers' default rates. However, an increase in SLOPE might be driven chiefly by a sharp fall in the short-term interest rates rather than an increase in long-term rates, and this might indicate a weakening of the economy.
Finally, in all these specifications the estimated coefficient of the 1-quarter lagged NBL ratio remains statistically significant at the 1 per cent level. Although the estimated autoregressive coefficient is not particularly large (approximately 0.3), the presence of endogenous persistence has important implications: a persistent process implies that, all else equal, a positive (negative) movement in the NBL ratio for firms is statistically more likely to be followed by another positive (negative) movement. This robust finding may be related to the fact that, unlike households, borrowers in production sectors are interdependent through many links (commercial links, supply chains, inter-firm lending, etc.). The direct consequence of this interdependence is that a default by one firm can, with a certain lag, generate a sort of domino-effect. 15 As shown in model (k), when all the macroeconomic variables are simultaneously included in the regression only a few variables are statistically significant, namely those appearing in model (h). For model (k) there are some signs of autocorrelation in the residual as indicated by the LM test reported at the bottom of the table. Furthermore, although the value of the adjusted R 2 is slightly higher for model (k), the AIC and SBC information criteria support the more parsimonious specification (h). Visual inspection of these figures shows that in-sample fit of these models, both for households and firms, is good overall. Although in the early years of the sample (specifically 1990 through 1995) the in-sample fit is rather poor due to high volatility of the NBL ratios, it becomes significantly more accurate thereafter. Indeed, all models very closely track the downward trend that characterized the NBL ratios from 1996 through 2001 and the abrupt deterioration in loan quality from the beginning of 2008. Furthermore, the slight decline in the NBL ratios from 2009q3 onwards is matched quite precisely. The only noteworthy difference between the in-sample fit for households and firms is that for households there are periods in which (to a varying extent depending on the model) the NBL ratio is systematically over-or under-fitted. This is particularly evident in Figure 2 for models (f) and (g), which tend to over-fit the NBL ratio in 2000-2004 and under-fit it in 2006-2008. 15 Fiori et al. (2009) examine the correlation across corporate default rates in Italy in order to assess whether these correlations are linked to common dependence on macroeconomic variables or instead reflect latent factors arising from micro-business inter-dependence. Their econometric analysis shows that common factors that summarize the general macroeconomic business conditions have a large effect on corporate default risk, but they also find a residual correlation, which is indicative of sectoral interdependence that might produce contagion across firms. 16 We decided to show the fit of only these models because these are the ones with the highest values of the adjusted R 2 and that the information criteria (AIC and SBC) indicate as the most preferable. We also considered the results of the LM tests for the presence of autocorrelation in the estimated residuals.
Insample fit of the models
Forecastbased model selection
In Section 4 we showed that various models describe the developments of the NBL ratios reasonably well. Here we analyse the prediction accuracy for these models by performing sequential out-of-sample forecasts (one through eight quarters ahead). The purpose is twofold: (1) to identify which models show the best forecasting performance in terms of root mean squared forecast errors (RMSFE); and (2) to compare the forecasting performance for households and firms. In particular, we concentrate on specifications (c), (d), (e), (f), (g) and (k) in Table 2 and (b), (d), (e), and (f) in Table 3 .
Sequential out-of-sample forecasts are constructed in the following way. Initially we estimate each model from 1990q1 through 2004q3 and generate one-to eight-quarter-ahead forecasts of the NBL ratio. 17 We then extend the sample by one quarter, re-estimate the models from 1990q1 through 2004q4, and generate new one-to eight-quarter-ahead forecasts. We continue in this fashion until the estimation sample is 1990q1-2008q2 and the last eightquarter-ahead forecast falls in 2010q2. For each forecast we compute the RMSFE and average the results according to the forecasting horizon.
The results of this exercise are illustrated in Figure 4 , which reports two panels, respectively for lending to households and lending to firms. Each graph displays the RMSFE on the vertical axis and the forecasting horizon on the horizontal axis.
Concerning the NBL ratio for households, the results indicate quite clearly that model (d), which includes UNEMPL, GDP (with a 4-quarter lag), NINT (with a 3-quarter lag) and HOUSING (with a 2-quarter lag) as macroeconomic determinants, delivers the lowest RMSFE at all horizons. The results for the NBL ratio for firms are less clear-cut by visual inspection, as the RMSFE are closely clustered. However, depending on the forecasting horizon two specifications seem to perform better. In particular, model (b), which includes UNEMPL and GOP (with a 2-quarter lag) as macroeconomic determinants, delivers the most accurate predictions on shorter horizons (from 1 to 4 quarters ahead) and the worst ones on longer horizons. Model (e), which augments model (b) with DURABLES (with a 3-quarter lag), provides the best prediction performance for horizons of 5 to 8 quarters. Finally, it is worth noting that model (d), which includes GDP, while exhibiting a prediction performance similar to model (e) on short-tem horizons, has a significantly worse forecast accuracy for horizoins from 5 to 8 quarters ahead. This suggests that GDP, once other macroeconomic determinants such UNEMPL, GOP and DURABLES are taken into account, does not significantly contribute to predicting the NBL ratio for firms.
Comparing the RMSFE for households with that for firms indicates that the former's forecasting performance is generally more accurate at all forecasting horizons. Furthermore, as the forecasting horizon lengthens the prediction accuracy worsens quite quickly for firms, whereas it remains basically unaffected for households. This might in part be due to the fact that the estimated coefficients for the lagged dependent variable are generally larger in the specifications for firms. Hence, the prediction error for the NBL ratio at a given point in time has a larger impact on the RMSFE in the following periods.
In light of the out-of-sample prediction accuracy results, and also taking into account the insample fit of the models and the indications of the information criteria, we select model (d) in Table 2 as best describing the NBL ratio for households and model (e) in Table 3 for firms.
Individual contribution of explanatory variables to the NBL ratios
In this section we use the results of our estimates to quantitatively assess how shifts in macroeconomic determinants affect the NBL ratios. We then propose an historical decomposition of the contributions from each of the explanatory variables in accounting for the evolution of loan quality, with a particular focus on the recent recession.
According to our preferred model for the quality of loans to households, an increase in UNEMPL of 100 basis points would ceteris paribus increase the NBL ratio by just 4 basis points, while an increase in GDP of 1 percentage point would lower the NBL ratio by 6 basis points after 4 quarters. An increase in NINT of 1 percentage point would increase the NBL ratio by about 12 basis points after 3 quarters, indicating that the cost of debt servicing is crucial for developments in bad loans. A positive shift of 1 percentage point in HOUSING would instead reduce the NBL ratio by 2.5 basis points after 2 quarters.
Turning to the NBL ratio for lending to firms, all else being equal, an increase in UNEMPL of 1 percentage point would raise the NBL ratio by 27 basis points, while an increase in GOP would raise it by 12 basis points after 2 quarters. An increase in DURABLES of 1 percentage point would instead lower the NBL ratio by just 2 basis points after 3 quarters. In the case of firms both general business cycle conditions and the debt burden are fundamental for the evolution of the NBL.
In order to get a sense of the economic significance of our results, we use our estimated preferred models to take a closer look at the driving forces behind developments in the NBL ratios for households and firms in last twenty years. Figure 5 illustrates the contribution from each of the explanatory variables to NBL ratios, calculated as the actual value of each regressor times the corresponding estimated coefficient. Thus, at each point in time the height of the piled histogram corresponds to the fitted value. We obtain several interesting results.
First, as regards lending to households, for the period 1990q1-2010q2 the two major variables that negatively affected loan quality were NINT and UNEMPL. While the contribution of UNEMPL was fairly stable over time, the effects of NINT were more variable; in particular, low interest rates during the first decade of the new century were associated with a lower NBL ratio. The contributions of HOUSING and GDP, which reduced the NBL ratio were quantitatively smaller and unstable. As to firms, the NBL ratio was driven primarily by UNEMPL and secondly by GOP. The evolution of DURABLES barely affected loan quality.
Second, Figure 5 allows us to compare the rise in the NBL ratios in the two periods 1993-1994 and 2008-2009 and to evaluate the underlying determinants. According to our results, in the period 1993-1994 the marked deterioration in loan quality was largely due to the high levels of NINT for households. For firms, UNEMPL was the main driver, with GOP only a secondary factor. In the period 2008-2009 lower debt servicing cost and sounder financial conditions prevented the NBL ratios from reaching the high level recorded in the early 1990s.
The contribution of UNEMPL was similar in both periods. Considering that the recent recession was significantly deeper than that of the early 1990s, these results suggest that the deterioration in loan quality was moderated to a significant extent by low interest rates and low levels of indebtedness.
Focussing on the increase in the NBL ratios between 2008q3 (immediately before the surge in bad loans) and 2009q4, Table 4 shows how much the change in each macroeconomic indicator contributed to the change in the NBL ratios for households and firms in that period. 18 The NBL ratio for firms increased by almost 1 percentage point. The variable that contributed most to this change was UNEMPL, which rose by 1.8 percentage points, cent. On the other hand, the decrease of 2.7 percentage points in NINT significantly curbed the increase in ratio, contributing negatively (-59 per cent) to the total change.
Has the recent economic crisis affected the prediction accuracy?
In this section we test the robustness of model (d) for households and model (e) for firms to the abrupt changes in macroeconomic conditions in the period 2008q3-2010q2 by investigating if and to what extent the recent economic crisis has affected the prediction accuracy of our preferred models.
To do this, we run sequential out-of-sample forecasts, constructing and comparing the RMSFE in two samples: pre-crisis and crisis. For the pre-crisis sample, we sequentially estimate our preferred models starting with the sample 1990q1-2004q3 until reaching 1990q1-2007q1.
For each estimation we compute one-to four-quarter-ahead out-of-sample forecasts and calculate what we call the "pre-crisis RMSFE". For the crisis sample, we sequentially estimate our models starting with the sample 1990q1-2008q2 until reaching 1990q1-2009q1. Again, in each round we compute one-to four-quarter-ahead out-of-sample forecasts and calculate the "crisis RMSFE". In the latter case, the forecasts cover the period 2008q3-2010q2, which includes the most acute phase of the economic crisis. Figure 6 shows the results. For the NBL ratio for households there is no strong evidence of significant changes in the prediction accuracy. A mild deterioration is detectable for the twoquarter-ahead forecast; nevertheless, the values of the RMSFE remain low. As regards the NBL ratio of firms, instead, the forecast accuracy appears to have improved throughout the crisis, at all forecasting horizons. This may seem odd at a first sight; one explanation could be that the higher variability observed in business conditions throughout the crisis enhanced the information content of the macroeconomic variables.
All in all, these results indicate that our preferred specifications for modelling and forecasting the NBL ratio for households and firms proved robust and performed particularly well throughout the recent financial crisis.
Conclusions
This paper investigated the macroeconomic determinants of the quality of loans to households and firms in Italy in the period 1990q1-2010q2. To measure the quality of loans we used the ratio of new bad loans to the stock of performing loans at the end of previous period (NBL ratio).
The main results are the following. First, the NBL ratios are well explained by just a few macroeconomic variables bearing on general economic conditions, the cost of borrowing and the burden of debt. In particular, the NBL ratio for lending to households varies inversely with the growth rates of real gross domestic product and house prices while it varies directly with the unemployment rate and the short-term nominal interest rate. As for firms, the NBL ratio increases with the unemployment rate and the ratio of net interest expenses to gross operating profits, while it diminishes as the consumption of durables increases. In contrast to our findings regarding households, the NBL ratio for firms presents evidence of endogenous persistence. The above-mentioned macroeconomic determinants affect the evolution of the NBL ratios with different time lags.
Second, the out-of-sample predictive accuracy of our models is quite satisfactory and proved robust to the rapid changes observed in many macroeconomic variables during the recent financial and economic crisis.
Third, the increase in the NBL ratio for firms following the financial crisis was mainly due to the rise in unemployment and the slowdown in durables consumption. By contrast, the relatively good financial conditions of firms helped keep the NBL ratio low by comparison with the recession of the early 1990s. Concerning the NBL ratio for households, the main drivers of the recent increase were the fall in GDP and the rise in unemployment, while the decline in short-term interest rates significantly dampened the rise in the NBL ratio.
We believe that these findings encourage a macro-prudential approach to financial stability.
The monitoring of changes in specific business cycle conditions, which we have shown anticipate future developments in loan quality, can be used as an early warning system to alert authorities to potential banking strains. 
Appendix A. Sources of macroeconomic variables
Other macroeconomic variables
We also tested the following macroeconomic variables. However, we decided not to report the results either because they were not statistically significant or because their inclusion in the regression did not improve the fit. In particular, we tested:
- 1, 2, 3 , are the coefficients and  is the error term. Furthermore, assuming that 1 1   , we can use the lag operator L to re-write equation (B.1)
. So, according to (B.3) the NBL at time t is decomposed in a constant term, the total contribution from NINT, given by TOT_NINT, the total contribution of GDP, given by TOT_GDP, and the total contribution from the error terms, given by TOT_ERROR. Note that since in our cases Finally, the contributions of the explanatory variables NINT and GDP to the change of NBL from tk to t are computed as: Table 1c Dynamic crosscorrelation This table provides the dynamic crosscorrelations (up to 4 lags) between the NBL ratios for lending to households and firms and selected macroeconomic variables. All data are quarterly from 1990q1 to 2010q2. The NBL ratio is computed as the flow of new bad debts in each quarter over the stock of performing loans in the previous quarter. 
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Acronyms: UNEMPL = unemployment rate; GDP = annual growth rate of real GDP; NINT = short-term nominal interest rate; HOUSING = annual growth rate of house price index; GOP = ratio of net interest expenses to gross operating profits; DURABLES = annual growth rate of durables consumption. Numbers in brackets indicate the lags with which explanatory variables enter the regression.
